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Introduction. The possibility of using monocarboxylic acids as 
a lubricant composition additive, and the effect of their 
concentration in lubricant on the evolution of the friction 
factor of a brass-steel couple, as well as the morphology of the 
film surface under friction is considered. The work objective is 
to study the effect of the concentration of carboxylic acids in 
the lubricant composition on the evolution of the friction 
factor of copper — steel alloy. 

Materials and Methods. Tribological studies of a brass-steel 
friction couple in aqueous solutions of monocarboxylic acids 
with the concentrations of 0.025; 0.05; 0.1; 0.2; 0.5 mol/l are 
carried out. Using scanning electron microscopy, we have 
studied the morphology of the servovite film surface that is 
formed on a steel disk after frictional interaction of a brass- 
steel couple in aqueous solutions of acids with the 
concentration of 0.1 mol/l. 

Research Results. Tribological characteristics of the brass- 
steel tribocoupling in aqueous solutions of carboxylic acids of 
various concentrations are studied. The optimum acid 
concentration in the lubricant composition is_ specified. 
Herewith, a selective transfer and a wearless friction regime 
are implemented under friction of the brass 59-steel 40X 
couple. A decrease in the friction ratio to 0.009 and 0.007 is 
found out under friction in aqueous solutions of valeric and 
caproic acids, respectively. The formation of an anti-friction 
film on the steel surface is identified through the scanning 
electron microscopy. It is established that the film formed in 


an aqueous solution of caproic acid has a denser structure in 
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Beedenue. CrTaTba TOCBAIIeHa UCCIeAOBaHHIO BO3MO2%KHOCTH 
HCHOJIb30BaHHA B KayecTBe pwcaaqKw K CMa304HOM 
KOMIO3HIIMH OJHOOCHOBHBIX KapOOHOBBIX KHCIOT 4H 
W3yYYeHHIO UX BIIMAHHA Ha IBOJIOMMIO KOIPMuUMeHTa TPeHHA 
llapbl JlaTyHb-cTalib, a TakoKe W3y4eHHIO MOpdouOrMUu 
(DOpMUPYFOIUXCcA IPH TPCHHM MOBeEpXHOCTH MJICHOK. 

Ilembro paOoTHI ABIIAIOCb W3y4CHHe BIMAHHA KOHUeCHTpaluu 
KapOOHOBbIX KHCJIOT B COCTaBe CMa304HOM KOMIMO3HUMM Ha 
S9BOJFOMMIO KOIPDUMUMeHTa TPeCHUA Mapbl CiMIaB MeJ{b-CTaJIb. 
Mamepuaibi u memodoi. Tpopefenbl tTpHOonormueckue 
WccIeOBaHHA Wapbl TPeHHA JlaTyHb-CTaJIb B  BOJIHBIX 
KapOOHOBBbIX 


pacTBopax KMCIIOT Cc 


KOHUeHTpauMaMu 0,025; 0,05; 0,1; 0,2; 0,5 Momnb/n. C 


OTHOOCHOBHBIX 


TOMOIIbIO PaCTPOBOM DICKTPOHHOM MUKpOcCKONIMU U3y4eHa 


Mopdouorna MOBepXHOCTH CepBOBHTHOM IIICHKH, 
(opMupyrollelica Ha CTasIbHOM JMCKe Tocue dpuKUMOHHOTO 
B3aMMOJeCHCTBUA Wapbl TpeHHA JIaTyHb-CTasIb B BOJIHBIX 
pacTBopax KHCJIOT C KOHUeHTpaunert 0,1 Mosb/I. 

Pe3yibmamoi ucciedoeanua. VU3y4eHbl tTpuOonormueckue 
XapaKTepHCTHKH TPHOOCONps.KeHHA JIATYHb-CTalIb B BOJIHbIX 
pacTBopax KapOOHOBbIX KHCJIOT pa3JIM4YHOM KOHIeHTpallunu. 
YctTaHOBJIeHa ONTHMaJIbHad KOHI[CHTpalluA KUCOTbI B 
COCTaBe CMa3KH, IPH KOTOPOM B pe3yiIbTaTe TpeHuA Mapbi 
maTyHb 59-ctanb 40X peamn3yertca u30upaTesIbHbIM MepeHoc 
WM JOCTHTaeTCA pexUM Oe3bI3HOCHOTO TpeHud. OOHapy2xxKeHO 
CHWKeHHe KOIddulUneHTa TpeHuA TO 0,009 u 0,007 npu 
TPpeHHH B BOJIHbIX pacTBOpax BaJIepHaHOBONM HU KallpOHOBON 
KMCJIOT COOTBETCTBCHHO. C  MOMOIIbIO pacTpoBor 
39JIEKTPOHHOM MMKPOCKOMMU BbIABIICHO (OpMHpoBaHHe Ha 
CTaJIbHOU aHTHPPUKIUMOHHOK ~=—s WICH KH. 
YctTaHOBJIeHO, 4TO TJIeHKa, (OpMUpyrolllaicx# B BOTHOM 


pacTBope KallpOHOBOM KHCIIOTbI, WMeeT OOsIee TIOTHYFO 


IIOBeEpXHOCTH 


CTpyKTypy, B CpaBHeHHu C MWIeHKOH, POopMupyrolleiica mpu 
TpeHHH B BOJHBIX pacTBOpax MacJIdHOM U KallpOHOBOU 
KMCIIOT. 
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comparison with the film formed under friction in aqueous 
solutions of butyric and caproic acids. 

Discussion and Conclusions. Thus, the tribological studies of 
a brass-steel friction couple in aqueous acid solutions show 
that the optimum molar acid concentration in the lubricant 
composition is 0.1 mol/l. At this acid concentration, the values 
of the friction factor characteristic of the wearless mode are 


attained. 


Keywords: friction factor, wear, selective transfer, servovite 
film, carboxylic acid, friction surface topography. 
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O6cyacdenue u 3ak0Y4eHUA. B pe3ylbTaTe ToHOouOrMyecKHXx 
UccIeqOBaHHH Wapbl TpeHHA JlaTyHb-CTaJib B  BOJ[HBIX 
pacTBOpax KUHCJIOT BbIABJICHO, UTO ONTHMasIbHOH MOJIAPHOH 
KOHIeCHTpalel KUCJIOTbI B COCTaBe CMa3KH ABJIAeCTCH 
KOHLeHTpauua 0,1 Mosb/n. [Ipu stow KOHWeHTpallwu KUCIOTHI 
WOCTHraroTcs 3HAaYeHHA KOOMDUUMeHTa TPeCHHA, XapaKTepHBIe 
JId pexuMa Oe3bI3HOCHOCTH. BbIABSIeHO, YTO U3MeHeHHe 
KOHICHTpalluH KUCIIOTbI MpwBOAMT HOO K yBeJINYeHHIO 
3HayeHHi KOIMUUMeHTa TpeHuIO, JIMO0 K He3HaYMTeJIBHOMY 
ero cHwxKeHHIO. IIpu 9TOM yBeM4eHHe KOHIeHTpallun 
KUMCJIOTbI COMPOBOXKTaeTcA KOPpO3HOHHbIMH Ipoljeccamu Ha 
MOBePpXHOCTH Tapbl TPeHHA. 


KoodulWeHT 
W30uUpaTeIbHbIN MepeHOC, CepBOBUTHAaA MWIeHKa, KapOOHOBad 


KuroueBbie = C10 Ba: TpeHuA, U3HOC, 


KUCIOTA, TOHOrpadud NOBeEpXHOCTH TpeHHsA. 


Oopazseu OA UUumupoeanua. bypnaxkosa, B. 9. Bauanne 
KOHI[CHTpalluu OpraHvuecKkON KUCIIOTbI B COCTaBe CMa3KH Ha 
TpHoOosuorMyeckne 
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Introduction. Modern high-developing machine-building industry advances new demands on lubricants. Most 
conventional methods of the friction and wear control are based on the use of solid and liquid lubricants [1—4]. The 
principal function of lubrication in friction units is to keep two contacting surfaces of machine parts from wear. To 
perform the necessary functions, basic fluids need modification by functional additives that change the antiwear 
properties of base oils through improving their lubricity among other. For this reason, additives are an integral part of 
the design of modern lubricants. The studies [2—7] show that to reduce friction and wear, both nanoparticles of metals 
and various organic components are used as additives to lubricant compositions. Some of them contribute to the 
formation of protective antifriction films on the tribocontact surfaces due to the presence of metal powders with particle 
sizes in the micro-range and nanoscale in the lubricant composition [7—9]; others — as a result of selective dissolution of 
tribo-conjugated surfaces (in the case of copper-steel alloy friction pair) under friction [10-17]. As is known, the 
lubricating medium plays a critical role in the selective transfer of copper to the steel surface under frictional 
interaction. For example, during the copper alloy — steel friction, various polar compounds, including carboxylic acids, 
are formed in the aqueous-glycerin medium. It was interesting to study the possibility of using them as additives to the 
lubricant composition for implementing a selective transfer and wearless friction. 

Materials and Methods. The evolution of the friction factor of the “brass 59-aqueous solution of carboxylic 
acid — 40X steel” system was investigated on the AE-5 type face friction machine. Aqueous solutions of saturated 
monobasic carboxylic acids with the general formula: R-COOH (R = C,Ao,+)), with the concentrations of 0.025—0.5 
mol/l were used as a lubricant composition. Before the tribological studies, samples of steel 40X and brass 59 were 
cleaned with abrasive paper, washed with distilled water, degreased with hexane, and air-dried. The friction assembly 
consisted of a steel rigidly fixed disk and three movable brass fingers arranged in a circle at the angle of 120° relative 
to each other. A friction couple of a ring steel specimen and brass fingers was placed in the lubricant composition into 
the working part of the friction machine made in the form of a textolite bath. A PHYWE Cobra force sensor was 
attached to the front face of the working part of the friction machine for continuous recording of the friction variation. 
Tribological studies were carried out under the following modes: sliding speed of the specimen was 0.45 m/s; axial 
load was 1.7 MPa; test time was 10 hours; temperature of the working environment was 37° C; slide path was 15,260 
m. 

The morphology of the servo film was studied using the scanning electron microscopy (SEM) on a Carl ZEISS 
microscope in the Electron and Optical Microscopy Laboratory and the Center for Collective Use of Scientific 
Equipment, REC “Materials” (http: //nano.donstu.ru). The studies were conducted under high vacuum conditions. 
Accelerating voltage under the scanning mode was 1-3 kV. 

Research Results. The dependence of the friction factor on the concentration of carboxylic acid for various 
volume acid densities under the brass-steel couple friction is given in Fig. 1 and in Table 1. From the analysis of the 
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data obtained, it follows that the dependence in Fig. 1 1s nonmonotonic, with a minimum concentration of acid in the 


solution of 0.1 mol/I. 
Table 1 


Dependence of friction factor on acid concentration in lubricant 


Lubricant Acid concentration, mol/I 
paecisnuacd Acid chemical formula: R- 
composition, acid | Cr where R | 0033 


solution friction factor, u 


-CH,CH; 0.195 0.129 0.087 0.239 0.335 





-CH,CH.CH; 0.112 0.083 0.037 0.184 0.307 
-CH»CH,CH,CH; 0.071 0.031 0.009 0.045 0.154 
-CH,CH>CH,CH>CH; 0.054 0.016 0.007 0.028 0.126 


Studying the effect of acid concentration on the friction factor variation in the solution shows that strengthening of 
formic and acetic acids in the lubricant composition from 0.025 mol/l to 0.05 mol/l leads to the increase in the acidity of 
the medium and, consequently, to an increase of the values of the friction factor from 0.3 to 0.35. 

As a result of frictional interaction, tribocorrosion occurs on the metal surface in the tribosystem. A further 
increase in the acid concentration to 0.1 mol/l causes a decrease in the friction factor, and then it is accompanied by its 
sharp increase and strong wear of friction couple materials as a result of the adhesion-mechanical interaction of the 








protrusions of the surface microrelief (Fig. 1, 2). 
0.6 | 


Oo Oo 4 Oo 4 
— NO oe) & N 
NS wr & Ww nN _ 


01 02 03 O04 0. 
C, mol/l 


Fig. 1. Dependence of friction factor (1) on acid concentration (C) in lubricant composition under friction of brass-steel couple: | is 
formic acid, 2 is acetic acid, 3 is propionic acid, 4 is butyric acid, 5 is valeric acid, 6 is caproic acid 
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Fig. 2. Evolution of friction factor (uw) on concentration (C) in “brass-aqueous solution of acetic acid-steel” system 
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A similar dependence of the friction factor on the acid concentration in the lubricant composition is also 
observed under friction of a brass-steel couple in aqueous solutions of propionic and butyric acids (Fig. 3). 
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Fig. 3. Evolution of friction factor (uw) on concentration (C) in “brass-aqueous solution of butyric acid-steel” system 


At this, the friction factor decreases significantly at the acid concentration of 0.1 mol/l and does not exceed 0.1. 
A further increase in the acid concentration in the lubricant composition, as well as in the case of formic and acetic 
acids, is accompanied by its sharp increase (Fig. 1). As a result, wear products are formed in the lubricating fluid 
volume. In this case, the friction surface is subjected to corrosion-mechanical wear, and the friction factor has rather 
high values from 0.15 to 0.35 (Fig. 3). 

Analysis of the friction factor variation of a brass-steel couple in aqueous solutions of valeric and caproic acids 
with the concentrations of 0.025 and 0.05 mol/l determines rather low value to 0.07 (Fig. 1, 4). 

Application of valeric and caproic acids in a lubricant composition with the concentration of 0.1 mol/l enables 
to obtain the lowest values of the friction factor to 0.007; optimal conditions for self-organization on the steel surface; 
the formation of a visually detectable servovite film [13, 18]; and the establishment of a wear-free mode in the 
tribological system. At this, reduction of the friction factor in the copper-steel alloy couple is associated with the best 
damping of tribo-film stresses caused by friction. 
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Fig. 4. Evolution of friction factor (uw) on concentration (C) in “brass-aqueous solution of caproic acid-steel” system 


Triboelectrochemical reactions occurring in the frictional contact zone in aqueous solutions of valeric and 
caproic acids not only initiate the formation of a servovite film, which helps to reduce the friction factor, to heal surface 
microdefects, but intensify the chemosorption which enhances the ordering effect of the substrate on the orientation of 
molecules under the formation of adsorption acid molecule layer. 

Active —COOH polar groups in a carboxylic acid molecule lead to its interaction with metal surfaces with the 
formation of chemically adsorbed compounds of the bidentate-ligand type [12]. Aliphatic monocarboxylic acids (R — 
COOF) form layers in which the hydrocarbon radicals of the molecules form a closely-packed structure. The adsorbed 
carboxylic acid molecules on the metal surface not only reduce the friction factor, as compared to a clean friction 
surface, as it follows from the results obtained, but also increase it. At very low acid concentrations in the solution — to 
0.05 mol/l, the degree of filling the adsorption layer is very small; the molecules do not form a continuous film and 
move freely along the metal surface. Aside from the acid molecules, water molecules can adsorb on the metal surface; 
however, they do not have an effective shade action, therefore, the friction factor is almost the same as for clean 
surfaces. As the acid concentration in the solution rises to 0.1 mol/l, the occupancy of the adsorbed friction surface layer 
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increases, while the acid molecules run parallel to the surface reducing the friction factor as compared to the values for 
clean friction surfaces. The generated boundary layers at low acid concentrations reduce the friction factor. With further 
raise of the acid concentration, molecules are arranged perpendicular to the surface; the adsorbed layer increases the 
surface roughness; and the friction factor grows. The closedness of intermolecular bindings inside the adsorption layer 
leads to low surface energy and virtual absence of secondary adsorption of acids or other components [19-21]. 

Analysis of the results obtained through the scanning electron microscopy (SEM) indicates drastic structural 
changes in the friction surface in acid aqueous solutions when moving from formic to caproic acid (Fig. 4). As can be 
seen from the SEM visualization of the results obtained, with the relative movement of two surfaces in an aqueous 
solution of acetic and butyric acids, the surface of the tribocontact has a heterogeneous structure with a large number of 
pores and irregularities resulting from mechanochemical corrosion; as well as the occurrence of wear particles on the 
friction surface which causes abrasive wear of rubbing metals. At this, cracks and scratches appear on the friction 
surface, which significantly reduces wear resistance of the material. Micrographs of the sample surface after friction in 
aqueous solutions of acetic and butyric acids show major roughness of the friction track, which leads to an increase in 
the friction factor (Fig. 4a, b). The friction force growth also provokes an increase in temperature in the friction unit, 
and, as a result, thermal stress of the metal, which is also one of the causes of the crack formation, both on the material 


surface and in its volume. 





Fig. 5. SEM results of servovite film obtained under friction in “brass-aqueous solution of acid-steel” system: 
(a) is acetic acid, (b) is butyric acid, (c) is caproic acid 


When an aqueous solution of caproic acid is used as a lubricant composition under friction of a copper alloy 
over steel, the formation of a copper non-oxidizing layer on the surface of a steel disk is observed (Fig. 4c) [22]. This 
effect 1s explained by the catalytic effect of copper, which converts the lubricant monomers into polymers, ensuring that 
copper remains in an unoxidized state [12]. Copper film, which is formed through friction in an aqueous solution of 
caproic acid, has a dense structure with a minimum number of pores, ensuring wearless friction. 


Conclusion. As a result of the tribological studies of a brass-steel friction couple in acid aqueous solutions, the 
optimum acid concentration in the lubricant composition was found. It is established that a change in the acid 
concentration causes a change in its adsorption on the friction surface, leading to a change in the morphology of the 
tribo-conjugated surfaces. 
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